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Accelerometry is the de facto standard in objective physical activity monitoring. However traditional accelerometer units undergo pro-
prietary pre-processing, resulting in the ‘black-box’ phenomenon, where re-
searchers are unaware of  the processes and filters used on their data. Raw ac-
celerometers where all frequencies related to human movement are included 
in the signal, would facilitate novel analyses, such as frequency domain analy-
sis and pattern recognition. The aim of  this study was to quantify the mean, 
standard deviation and variance of  the SlamTracker raw accelerometer at a 
range of  speeds. Four tri-axial accelerometers underwent a one minute static 
condition test nine movement condition tests. Accelerometers were assessed 
for mean, standard deviation, sample variance and coefficient of  variation 
throughout in all axes for all experimental conditions. The sample variance 
was <0.001g across all speeds and axes during the movement condition tests. 
In conclusion, the SlamTracker is shown to be an accurate and reliable device 
for measuring the raw accelerations of  movement.
Keywords: accelerometer, raw signal, accuracy, human movement, mechanical 
validation.
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Accelerometry is the most commonly applied method for objective 
assessment of physical activity in epidemiological studies (van Hees et al., 2012). 
Traditional accelerometer devices predominantly store a summary measure of 
the raw acceleration signal, termed an “activity count” (Corder et al., 2008). A 
count is a dimensionless unit aimed to be proportional to the average overall 
acceleration of the human body in a specified period of time, referred to as 
an “epoch” (Chen and Bassett, 2005). However, this relationship has been 
questioned due to the restrictive dynamic range of commercial accelerometers, 
the downstream signal processing and band-pass filtering (van Hees et al., 
2012, Clark et al., 2016a). Such processing and filtering is designed to remove 
components of the signal unrelated to human movements (Brage, 2003, Rothney 
et al., 2008), however high frequency movement and noise information can 
escape the bandpass filter, which in turn adds unexplained variation in activity 
counts and incorrectly removes frequencies directly from human movement 
(Brond and Arvidson, 2015, Clark et al., 2016a).
There are a plethora of methods that exist to filter and summarise a raw 
acceleration signal, the choice of which has profound implications on the 
interpretation of the final output (Rowlands et al., 2007, van Hees et al., 2012). 
However, as traditional accelerometers are limited in memory and battery 
capacity to store raw signal data, data processing stages are performed on the 
device itself, and this process is irreversible once the count has been stored 
in local memory. This irretrievable conversion prevents re-analysis of the raw 
accelerometer signal using novel analytics and data processing techniques.
Although a detailed synopsis of the signal processing protocol employed 
would be vital to enable replication of empirical data, most manufacturers of 
accelerometer devices state that pre-processed raw data is proprietary information. 
This lack of transparency on the calculation of “activity counts” prevents a 
comparison between different accelerometer brands, or even between versions 
of the same brand (Corder et al., 2008, Rothney et al., 2008). On the other 
hand “activity counts” derived from a raw accelerometer have concordance with 
commercially developed devices (r=0.93, P<0.05), demonstrating the versatility 
of utilising the raw accelerometer signal (van Hees et al., 2012).
Using a raw accelerometer signal, where all frequencies related to human 
movement are included in the signal, would allow novel analyses, such as; 
pattern recognition, feature extraction, machine learning, cluster analysis, data 
mining to be undertaken, aided by the fact the Nyquist-Shannon sampling 
theorem is not violated  (van Hees et al., 2012, Mannini and Sabatini, 2010). 
Further, given there is no hidden signal processing, researchers may maintain 
control and confidence in their outputs. So as raw accelerometers become 
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more commonplace, it will be increasingly important to test their accuracy 
and variance during human movement, so device and human noise may be 
differentiated, and accuracy quantified (Clark et al., 2016a, Clark et al., 2016b). 
The SlamTracker is a device that captures raw accelerometer signals without 
pre-processing the data, but has not been assessed in a controlled manner. 
Therefore, the aim of this study was to quantify the mean, standard deviation 
and variance of the SlamTracker device at a range of speeds.
Methods
Instruments and procedures
Four tri-axial accelerometers (ADXL345 sensor, Analog Devices) with a +/- 
16g dynamic range, 3.9mg point resolution and a 13 bit resolution underwent a 
one minute static condition test and were subsequently tested at nine movement 
conditions (three speeds at three radii), for one minute, on a motorised turntable 
(GPO Stylo, Manchester, UK), with speeds verified by digital tachometer (RS 
Digital Tachometer Model 445-9557, Corby, UK) (table 1).
Table 1. Movement test conditions
*27, 56, 83 denote the possible radii in millimetres, 33.7, 45.3, 77.1 denote the possible 
speed in revolutions per minute.
For the static condition each device was tested at 20, 40, 100 and 200 Hz, 
and only the sensitive axis (Z) was analysed due to the only force acting upon 
the accelerometer being gravity. All motorised turntable tests were performed 
at 40 Hz, with X, Y and Z axes being analysed. The decision to use 40 Hz was 
based on the results of the static condition test.
Data analysis
Raw acceleration data was uploaded into a comma separated values 
spreadsheet where all analyses took place. For the static condition, mean, standard 
deviation and coefficient of variation over the one-minute measurement were 
calculated for the Z axis amplitude, g.
33.7 rpm 45.3 rpm 77.1 rpm
27 mm 0.09 m.s-1 0.13 m.s-1 0.22 m.s-1
56 mm 0.2 m.s-1 0.27 m.s-1 0.45 m.s-1
83 mm 0.29 m.s-1 0.39 m.s-1 0.67 m.s-1
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For the movement test conditions; mean, standard deviation and coefficient 
of variation over each one minute test was assessed for all axes. Because axes 
can be subject to negative and positive g during movement, sample variance was 
calculated as the squared differences from the mean (equation 1).
Equation 1. Sample variance
Where μ is the mean and N is the number of scores.
Results
Static condition
The static condition test demonstrated that the Z-axis amplitude coefficient 
of variation improved as recording frequency reduced (table 2). The mean Z-axis 
amplitude, offset to zero, across recording frequencies is shown in figure 1.
Table 2. Static condition test
Mean (g), standard deviation and coefficient of variation (%) values for recording 
frequencies; 20, 40, 100 and 200 Hz, respectively.
Frequency Mean SD CV
200 0.918 0.009 0.01
100 0.923 0.004 0.005
40 0.904 0.004 0.004
20 0.913 0.004 0.004
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Figure 1. Amplitude for accelerometer Z-axis under no movement condition for different 
sampling frequencies.
Crosses denote device recordings at 20 Hz; closed triangles denote device recordings 
at 40 Hz, closed squares denote device recordings at100 Hz, closed diamonds denote device 
recordings at 200 Hz.
Movement conditions 
The mean (SD) and sample variance for the X, Y and Z axes during all 
movement condition tests are detailed in table 3.
Table 3. Movement condition tests at nine speeds.
0.09 0.13 0.2 0.22 0.27 0.29 0.39 0.45 0.67
Axis m.s-1 m.s-1 m.s-1 m.s-1 m.s-1 m.s-1 m.s-1 m.s-1 m.s-1
X (g) -0.046 
(0.02)
<0.001
-0.025 
(0.01)
<0.001
-0.03 
(0.01)
<0.001
-0.001 
(0.01)
<0.001
-0.021 
(0.01)
<0.001
-0.028 
(0.02)
<0.001
-0.006 
(0.02)
<0.001
-0.007 
(0.01)
<0.001
-0.048 
(0.02)
<0.001
Y (g) 0.019 
(0.01)
<0.001
0.017 
(0.01)
<0.001
0.019 
(0.01)
<0.001
0.018 
(0.02)
<0.001
0.016 
(0.01)
<0.001
0.019 
(0.01)
<0.001
0.02 
(0.03)
0.001
0.017 
(0.02)
<0.001
0.019 
(0.01)
<0.001
Z (g) 0.855 
(0.02)
<0.001
0.858 
(0.02)
<0.001
0.856 
(0.02)
<0.001
0.855 
(0.02)
<0.001
0.857 
(0.02)
<0.001
0.857 
(0.02)
<0.001
0.856 
(0.02)
<0.001
0.855 
(0.02)
<0.001
0.853 
(0.02)
<0.001
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Mean accelerometer amplitude (g) (standard deviation) and sample variance 
(g) values are reported for all speeds and all axes.
Discussion
The aim of this study was to quantify the accuracy of the SlamTracker 
accelerometer at a range of speeds. This study found that during the static 
condition test 40 Hz had joint lowest CV and joint lowest SD (table 2). For the 
movement condition tests, the sample variance was <0.001g across all speeds 
and axes (table 3).
The static condition test was performed at a range of recording frequencies 
suitable for assessing physical activity (van Hees et al., 2012, Brage, 2003). It was 
found that as recording frequency was decreased, the coefficient of variation 
concomitantly improved, as did deviation from the mean. The highest recording 
frequency with the lowest coefficient of variation and lowest standard deviation 
was found at the 40 Hz recording frequency. 
The movement condition tests found that, for all axes, the sample variance 
was less than 0.001 g across all speeds. This indicates that, irrelevant of speed, 
the SlamTracker accelerometer is reliably accurate and consistent, indicating no 
artefacts of the device are present during movement. This is an important finding 
as any artefacts or anomalies recorded during human movement assessment 
can be attributed to researcher error (i.e. affixing problems), tampering (i.e. 
participant moving device) or accidental damage (i.e. participant falling on 
device), as opposed to device error. Slaven et al. (2006) determined the quality 
of accelerometer data by applying k-means clustering to the raw acceleration 
signal mean and variance across specific, consecutive time points and reported 
data quality as ‘good’ or ‘poor’ by how the clustering algorithm grouped the 
data. Data were retained in the ‘good’ cluster if they were within ~6% of the 
cluster mean. The present study variance from the mean was under 1% for all 
axes and speeds, indicating all data points would be considered ‘good’. Further, 
Tawk et al. (2013) reported accelerometer amplitude variance of <0.001 g during 
a static condition test, the present study, however, found similar low levels of 
variance in static and movement conditions. 
This study comprehensively investigated the SlamTracker acceleration 
signal amplitude at predominantly slow speeds, ranging from static to slow 
ambulation. It has been suggested that in some previous studies with a 
mechanical calibration or validation component (i.e. (Brage, 2003, Ried-Larsen 
et al., 2012)), the mechanical device used only allowed very limited acceleration 
amplitude in the low frequency area (Brond, 2014). It was further suggested 
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that utilising a device that can smoothly rotate at low speeds is of paramount 
importance when calibrating/validating accelerometers (Brond, 2014). The fact 
this study focussed predominantly on slow speeds is therefore a strength, as 
finding confidence in slow speeds demonstrates that subtle movements may be 
accurately attributed to human ambulation and not an artefact of device noise. It 
may be considered a limitation that the fastest speeds of human movement were 
not assessed in this study, however this device was subject to a broad band pass 
filter, up to 12 Hz, which has been vindicated by Wundersitz et al. (2015), who 
identified that filters at this frequency were most suitable to process accelerations 
in human running tasks, and filter out non-human motion. Further, although 
this is the first time the SlamTracker device has been mechanically validated, 
prior to human use, the SlamTracker has been extensively tested in biological 
tracking studies of multiple mammals, birds and ocean dwelling creatures of 
varying sizes (see; Wilson et al. (2007)).
Conclusion
This empirical investigation has quantified sample variance and deviation 
from mean values for the SlamTracker. This variance may be factored in to future 
analyses when using raw acceleration data. The SlamTracker demonstrates low 
variance and minimal deviation from mean values across an extensive range of 
slow speeds, and processes acceleration frequencies up to 12 Hz, and is therefore 
suitable for assessing human movement at very slow and fast speeds. Given the 
accuracy in static and movement tests for raw accelerometry, combined with its 
capability for novel analytics (Clark et al., 2016a), it is recommended that raw 
accelerometry be utilised over commercial devices that irretrievably pre-process 
data.
Acknowledgements
The authors wish to acknowledge the EPSRC doctoral training programme 
and Swansea University for funding the primary (C.C) and secondary (C.B) 
authors.
Conflict of Interests
The authors declare that there are no conflict of interests regarding the 
publication of this paper.
Sport Science Review, vol. XXV, No. 5-6, December 2016
381
References
Brage, S., Brage, N., Wedderkopp, N., And Froberg, K. 2003. Reliability And 
Validity Of The Computer Science And Applications Accelerometer In A 
Mechanical Setting. Measurement In Physical Education And Exercise Science, 7, 
101-109.
Brond, J. C. 2014. Re: Personal Communication Regarding Accelerometer 
Devices. Type To Clark, C.
Brond, J. C. & Arvidson, D. Sampling Frequency Affects Actigraph Activity Counts.  
Icampam, 2015 Limerick, Ireland.
Chen, K. Y. & Bassett, D. R., Jr. 2005. The Technology Of Accelerometry-Based 
Activity Monitors: Current And Future. Med Sci Sports Exerc, 37, S490-500.
Clark, C. C., Barnes, C. M., Stratton, G., Mcnarry, M. A., Mackintosh, K. A. 
& Summers, H. D. 2016A. A Review Of Emerging Analytical Techniques 
For Objective Physical Activity Measurement In Humans. Sports Med.
Clark, C. C. T., Barnes, C. M., Holton, M. D., Summers, H. D. & Stratton, 
G. 2016B. Profiling Movement Quality And Gait Characteristics According 
To Body-Mass Index In Children (9–11 Y). Human Movement Science, 49, 291-
300.
Corder, K., Ekelund, U., Steele, R. M., Wareham, N. J. & Brage, S. 2008. 
Assessment Of Physical Activity In Youth. J Appl Physiol (1985), 105, 977-87.
Mannini, A. & Sabatini, A. M. 2010. Machine Learning Methods For Classifying 
Human Physical Activity From On-Body Accelerometers. Sensors (Basel), 10, 
1154-75.
Ried-Larsen, M., Brond, J. C., Brage, S., Hansen, B. H., Grydeland, M., Andersen, 
L. B. & Moller, N. C. 2012. Mechanical And Free Living Comparisons Of 
Four Generations Of The Actigraph Activity Monitor. Int J Behav Nutr Phys 
Act, 9, 113.
Rothney, M. P., Apker, G. A., Song, Y. & Chen, K. Y. 2008. Comparing The 
Performance Of Three Generations Of Actigraph Accelerometers. Journal Of 
Applied Physiolog y 105, 1091-1097.
SlamTracker Accuracy under Static and Controlled Movement Conditions
382
Rowlands, A. V., Stone, M. R. & Eston, R. G. 2007. Influence Of Speed And 
Step Frequency During Walking And Running On Motion Sensor Output. 
Med Sci Sports Exerc, 39, 716-27.
Slaven, J. E., Andrew, M. E., Violanti, J. M., Burchfiel, C. M. & Vila, B. J. 2006. 
A Statistical Test To Determine The Quality Of Accelerometer Data. Physiol 
Meas, 27, 413-23.
Tawk, Y., Jovanovic, A., Tome, P., Leclere, J., Botteron, C., Farine, P. A., Riem-
Vis, R. & Spaeth, B. 2013. A New Movement Recognition Technique For 
Flight Mode Detection. International Journal Of Vehicular Technolog y, 2013, 18.
Van Hees, V. T., Gorzelniak, L., Leon, E., Eder, M., Pias, M., Taherian, S., 
Ekelund, U., Renstrom, F., Franks, P., Horsch, A. & Brage, S. A Method 
To Compare New And Traditional Accelerometry Data In Physical Activity 
Monitoring.  World Of Wireless Mobile And Multimedia Networks 
(Wowmom), 2012 Montreal, Qc, Canada. 1-6.
Wilson, R. P., Shepard, E. L. & Liebsch, N. 2007. Prying Into The Intimate 
Details Of Animal Lives: Use Of A Daily Diary On Animals. Endangered 
Species Research, 3.
Wundersitz, D. W., Gastin, P. B., Richter, C., Robertson, S. J. & Netto, K. J. 
2015. Validity Of A Trunk-Mounted Accelerometer To Assess Peak 
Accelerations During Walking, Jogging And Running. Eur J Sport Sci, 15, 382-
90.
Cain C. T. CLARK, MSc is a lecturer in sport and exercise physiology at Hartpury University 
Centre, U.K. and doctoral candidate in field of Sport Science at Swansea University, UK. 
Clark’s research focuses on the application of sensors in physical activity, movement skills 
and gait quality in a paediatric population.
Corresponding author
Cain C. T. Clark, MSc
Hartpury College
Gloucestershire
GL19 3BE
01792 902193
Cain.clark@hartpury.ac.uk 
Sport Science Review, vol. XXV, No. 5-6, December 2016
383
Claire M. BARNES, MSc is a doctoral candidate in the college of Engineering at 
Swansea University, UK. Barnes’ research focuses on applying novel techniques to 
analyse human movement.
Mark HOLTON, PhD is an engineering research officer at Swansea University, UK. 
Holton specialises in electronics and programming and his latest work has involved 
the further development of animal data loggers for further use in Sports Science 
for monitoring injury and recovery mechanisms, and working across Physics and 
Astronomy.
Huw D. SUMMERS, PhD is a professor of nanotechnology for health and head of 
the Multidisciplinary Nanotechnology Centre (MDC) at Swansea University, UK. 
Professor Summers is internationally recognised for his research excellence, which 
focuses on two areas: metrologies for cell analysis (cytometry) and the development of 
nanoparticle-based diagnostics and therapeutics (nanomedicine).
Gareth STRATTON, PhD is a professor of paediatric exercise science and head of 
the research centre in Applied Sports, Technology, Exercise and Medicine (A-STEM) 
at Swansea University, UK. Professor Stratton’s research interests and expertise are 
in; paediatric Exercise Science, physical growth and development in health and sports 
performance, sensors in physical activity measurement, physical activity and fitness and 
health interventions.
